Introduction
Compared to conservative treatments, less evidence is available for surgical and other invasive interventions for low back pain. However, there is an increasing acceptance among the orthopaedic community of the principles of evidence-based medicine. The first randomised controlled trial (RCT) on conservative vs operative treatment of disc prolapse was published by Weber in 1978 [95] . Since that time, several trials have been published and their need has been generally acknowledged [25] . However, even at present, the effectiveness of some spinal surgical procedures has not been evaluated in RCTs. Also the majority of the trials have compared the various surgical or other invasive procedures, but there are only a few trilas that have compared the surgery with the conservative treatment. The trial by Weber is still the only one published on surgery compared with
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conservative treatment for disc prolapse [95, 96] . Also, many new technologies are introduced in spine surgery and used in clinical practice without any scientific evidence of the effectiveness.
Within the framework of evidence-based medicine, high-quality randomised trials and systematic reviews are considered a necessary prerequisite for progress in orthopaedics. This paper summarises the currently available evidence on surgical and other invasive procedures for low back pain.
Objectives
To determine the effectiveness of surgery and other invasive procedures for low back pain.
Methods
Results of systematic reviews conducted within the framework of the Cochrane Back Review Group were used [7] . Data were gathered from the latest Cochrane Database of Systematic Reviews 2005, Issue 2. The last amendment of the review on injection therapy for subacute and chronic benign low back pain was made in 1996 [70] , on surgery for lumbar disc prolapse in March 1997 [36] , on radiofrequency denervation in April 2002 [71] , on prolotherapy in January 2004 [98] , and on surgery for degenerative lumbar spondylosis (including lytic spondylolisthesis) in February 2005 [37] . Surgery for specific pathologies such as tumours, trauma, infection, and myelopathic syndromes were excluded. Surgery for disc prolapse and spinal stenosis, and fusion for chronic low back pain were included.
We updated the Cochrane reviews using the evidence summary on surgery and other invasive procedures from the COST B13 European Guidelines for the Management of Acute and Chronic Non-Specific Low Back Pain (http://www.backpaineurope.org). The final search date of these European guidelines was May 2005. If no summary of the European guidelines is provided in the results section, no additional trials were identified.
Results

Injection therapy
Injection with anaesthetics and/or steroids is applied on different locations. Injections into facet joints have been presented as treatment as well as a diagnostic test for the lumbar facet joint syndrome. There are no objective criteria for this syndrome. The clinical diagnosis is made on the presence of localised lumbar pain which may radiate to the posterior aspect of the thigh and be relieved by an injection of corticosteroids and local anaesthetic. Injections can be given intra-articularly, peri-articularly or periradicularly. In epidural anaesthesia, a solution of local anaesthetic is injected into the epidural space.
Effectiveness for acute low back pain
The Cochrane review excluded one trial that compared trigger point vs placebo for acute low back pain, because this trial was not randomised [33] .
Effectiveness for chronic low back pain
Epidural injections vs placebo The Cochrane review included four explanatory trials on the short-term efficacy of epidural injections with corticosteroid plus procaine or saline compared with procaine or saline injections [3, 12, 15, 20] . The pooled analysis showed no significant difference in pain relief after 6 weeks (pooled RR 0.92; 95% CI 0.76-1.11) and 6 months (pooled RR 0.93; 95% CI 0.79-1.09) [33] .
The European guidelines identified two additional trials. One reported that the injection of a combination of methylprednisolone and bupivacaine at the affected nerve root had a better short-term effect than the injection of saline on leg pain, straight-leg raising and patient satisfaction in patients with subacute/chronic sciatica [48] . However, these effects were not maintained beyond 4 weeks. The other additional trial showed that epidural perineural (lateral and ventral part of the epidural space) injections with steroids (N=24 patients) had a better effect (MacNab criteria: leg pain, back pain, return to work, ability to do sport) than saline injections (N=25 patients) in patients with lumbar radicular syndromes after 3 weeks and 3 months [54] .
Epidural injections vs other interventions
The Cochrane review included six pragmatic trials that reported on short-term pain relief [8, 22, 38, 63, 77, 78] . Four of these six trials showed a non-significant positive effect of corticosteroids compared to other procedures. One study showed a significant difference between morphinesteroid and saline-steroid injections with respect to pain relief within 6 weeks [22] . However, only 65% of the patients reported pain relief which lasted 1 day to 6 weeks, whilst morphine frequently caused adverse side effects. None of the two pragmatic trials reporting on long-term pain relief by epidural injection reported statistically significant differences between the treatment groups [63, 83] .
The European guidelines identified five additional trials. One additional study reported that epidural perineural (lateral and ventral part of the epidural space) injections with corticosteroids (N=40 patients) had a better effect (MacNab criteria: leg pain, back pain, return to work, ability to do sport) than conventional epidural injections (N=47 patients) in patients with lumbar radicular syndromes [54] . Follow-up was 3 weeks and 3 months. Another additional trial showed no statistically significant differences between CT guided injections of the nerve root (N=20 patients) and fluoroscopic guided injections (N=20 patients) [61] . In one additional trial (N=55 patients) selective nerve root injection with betamethasone and bupivacaine resulted in fewer patients going on to surgery than injection with bupivacaine alone [76] . In one additional trial, patients receiving transforaminal epidural steroid injections had a statistically significant higher success rate of 84% compared with 48% for patients receiving trigger-point injections after an average follow-up period of 1.4 years [90] . Finally, one additional trial found no statistically significant differences in pain intensity between hypertonic saline plus hyaloronidase (N=17), hypertonic saline (N=15), isotonic saline (N=17), isotonic saline plus hyaloronidase (N=10), each in combination with corticosteroid and local anaesthetic [42] .
Facet joint injections vs placebo One study did not find significant differences in proportions with pain improvement between corticosteroid and saline injections at 1 and 3 months after injection: short-term RR 0.89 (0.65-1.21), and long-term RR 0.90 (0.69-1.17) [14] . At 6 months, the percentage of patients with marked or very marked improvement was significantly higher in the group treated with methylprednisolone (46 vs 15%, P=0.002). Despite this latter finding, the authors concluded that the efficacy of facet joint injections was small, because 11 of the 22 patients in the steroid group, who reported substantial improvement at 6 months after injection, reported no benefit at earlier evaluations. Moreover, co-interventions were more frequent in the steroid group.
Another study reported that mean scores for pain relief with methylprednisolone and/or bupivacaine were not superior compared to placebo injections [58, 59] . This study did not report the proportions of patients with pain relief.
Facet joint injections vs other interventions One pragmatic trial found no significant differences between facet joint injections with methylprednisolone and lignocaine compared with facet nerve blocks of the medial articular branch of the posterior primary ramus from L1 to L4 [62] . Short-term RR was 0.81 (0.62-1.06) and long-term RR was 0.91 (0.74-1.12).
Prolotherapy (sclerosant injections) vs placebo The Cochrane review included one trial (N=110) [97] . No statistically significant differences were found on pain and disability between fortnightly injections (mean of seven injections) of lumbopelvic ligaments with glucose (20%) and lignocaine (0.2%), 10-30 ml, and injections with saline (0.9%) after 6, 12 and 24 months.
Prolotherapy (sclerosant injections) vs other interventions The Cochrane review [97] included three trials [23, 52, 72] . Two studies reported statistically significant differences in favour of prolotherapy in the proportion to the participants showing more than 50% reduction in scores from the baseline at 6 months: 88 vs 39% [72] 
Intradiscal injections vs other interventions
The Cochrane review included one small trial (N=25) that did not find a statistically significant difference in the short-term pain relief between intradiscal injections of methylprednisolone and bupivacaine in patients with and without sciatica [85] . The European guidelines identified two additional trials. One trial (N=120) did not find significant differences in pain and disability between intradiscal saline or methyprednisolone injection at 12-month follow-up [50] . The other small trial (N=15) found no differences between intradiscal injections of glycerol and bupivacaine in patients with chronic low back pain in which discography had suggested one symptomatic disc [53] .
Adverse effects
In general, few side effects were reported by the studies on epidural and local injection therapy with anaesthetics or steroids. The use of morphine was often associated with side effects such as pruritus, nausea and vomiting. The most common adverse events reported in the prolotherapy trials were temporary increases in back pain and stiffness following injections, reported by nearly all participants at some point in three studies [52, 72, 97] .
Radiofrequency denervation
Since Shealy published his first article on radiofrequency denervation of the lumbar zygapophyseal joints in 1975, the technique has been modified and used with varying indications [84] .
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Effectiveness for acute low back pain
No trials were identified.
Effectiveness for chronic low back pain
Radiofrequency denervation vs sham treatment for chronic facet joint pain The Cochrane review included three trials that showed conflicting evidence on the short-term effect of radiofrequency lesioning on pain and disability [34, 57, 93] . One trial found that radiofrequency denervation statistically significantly reduced pain intensity and improved functioning at 2 month follow-up [93] . Another trial showed greater improvement in RolandMorris score but not in either Oswestry score or pain score at 4 week follow-up [57] . At 12 weeks, neither functional disability nor pain level showed any treatment effect. The result of the third trial remained unclear since no intention-to-treat analysis was performed [34] .
Radiofrequency denervation vs sham treatment for chronic discogenic low back pain One trial did not find any differences between radiofrequency denervation and sham at 8 weeks [2].
Adverse effects
There were no reported adverse effects in most of the trials. Two studies reported some subsiding pain and numbness associated with the procedure [60, 92] . The symptoms were more common and lasted longer in the radiofrequency lesion group. One study reported complaints of subsiding neuritis and slight loss of muscle strength in the hand or arm on the treated side [86] . There were, however, no permanent complications reported.
Surgical interventions for degenerative lumbar spondylosis
The term degenerative lumbar spondylosis is used for degenerative conditions affecting the lumbar spine. These are variously described as lumbar spondylosis or degenerative disc disease; whether or not they are regarded as the effects of ageing, secondary to trauma or 'wear and tear', or degenerative disease; and whether they involve the inter-vertebral discs, the vertebrae and/ or the associated joints. This includes the associated pathologies or clinical syndromes of instability, spinal stenosis and/or degenerative spondylolisthesis.
Symptoms associated with degenerative lumbar spondylosis are variable in severity and have a relatively low correlation with the severity of radiological changes. Surgical treatment might be either the fusion with the goal of relieving discogenic and facet pain, and/or decompression of nerve root or the cauda equina compression with the goal of relieving the radiating pain and neurogenic claudication. Generally, fusion is considered if there is severe disc degeneration, misalignment or symptoms and signs of spinal instability.
Effectiveness for acute low back pain
No trials were identified that presented data for acute low back pain separately.
Effectiveness for chronic low back pain
The recently updated Cochrane review included 31 RCTs of all forms of surgical treatment for degenerative lumbar spondylosis [37] . From a surgical perspective, the trials were categorised into three sections: (1) surgical treatment (decompression with or without fusion) for spinal stenosis and/or nerve-root compression; (2) surgical treatment (fusion, intradiscal electrotherapy or disc arthroplasty) for back pain; (3) comparison of different techniques of spinal fusion.
Surgical treatment for spinal stenosis and/or nerve-root compression The effectiveness of surgical decompression for spinal stenosis has been considered in one new trial [1] . In this study, 31 patients were randomised between surgical treatment and conservative therapy. There were no statistically significant differences in the second procedures. At 10 years, five people of the 11 randomised to decompression had no, or minimal, pain compared with the four of 14 who were initially treated conservatively (six were lost to follow-up).
One trial did not find any difference in the clinical outcomes or spondylolisthesis progression between laminectomy and multiple laminotomy for spinal stenosis [74] . This study had several confounding factors. Nine of the 35 patients scheduled for laminotomy actually had a laminectomy for technical reasons and several patients in each group also had an inter-transverse arthrodesis for degenerative spondylolisthesis.
Three trials considered whether some form of posterolateral fusion, with or without instrumentation, was a useful adjunct to decompression alone [9, 40, 45]. Pooling of the three trials (N=139) showed no statistically significant difference in the outcomes between decompression plus fusion or decompression alone (random OR 0.44; 95% CI 0.13-1.48), as rated by the surgeon, 18-24 months after the procedure. Lack of power limits definitive conclusions.
The Cochrane review included two trials of surgical treatment for isthmic spondylolisthesis. In one trial patients (N=111) treated surgically had less pain and disability than conservative treatment in the form of an S85 intensive exercise programme, and better self-and observer-rated outcomes at 2 years [66, 67] . There was no significant difference in occupational outcomes. However, no separate data were presented for back pain (one-third) and sciatica (two-third). The other trial compared the results of fusion alone, or fusion plus laminectomy and decompression for isthmic L5/S1 spondylolisthesis [13] . Patients had both back and leg pain, although without serious neurology. The addition of decompression to the arthrodesis did not improve clinical outcomes.
Surgical treatment for back pain The Cochrane review included two trials on the effectiveness of fusion for chronic back pain, compared with conservative treatment [11, 32, 49] . The Swedish trial (N=294) compared lumbar fusion with physiotherapy [32] . Patients were recruited who had low back pain for more than 2 years, and no evidence of nerve root compression. All patients had previous physiotherapy without success, and 19% had previous surgery. Patients were randomised to physiotherapy (N=72) and one of three different fusion techniques (N=222). Surgery resulted in statistically significantly greater effects on pain, disability, overall improvement and return to work. There were no significant differences in any of these outcomes between the three surgical groups. A limitation of this study was the control group that received usual conservative treatment that had already failed.
The Norwegian trial compared posterolateral fusion with transpedicular screws and post-operative physiotherapy vs a modern 'rehabilitation' type of programme, consisting of an educational intervention and a 3-week course of intensive exercise sessions, based on cognitivebehavioural principles [11] . Sixty-four patients with low back pain, lasting longer than 1 year plus disc degeneration at L4/5 and/or L5/S1 [11], and a further 60 patients with chronic low back pain more than 1 year after previous discectomy [49] were randomised and reported on separately. There were no significant differences in any of the main outcomes of independent observer rating, patient rating, pain, disability or return to work at 1 year follow-up.
The European guidelines included a third trial [26] . This UK trial (N=349) found no statistically or clinically significant differences in pain, disability and quality of life between spinal fusion and an intensive 15-day programme of exercise therapy, spine stabilisation exercises and education using cognitive-behavioural principles at the two-year follow-up.
The Cochrane review also identified three small RCTs of intradiscal electrotherapy (IDET) for degenerative lumbar spondylosis. Two trials reported poor outcomes. One trial reported success in only one patient in the IDET group (N=13) and two in the placebo group (N=15) at 8 weeks follow-up [2] . The other trial (N=57) reported that no patient in either arm met the pre-defined criteria for a clinically significant improvement or a successful outcome [31] . However, the third trial (N=64) reported a significantly greater improvement in pain and disability with IDET [73] .
The Cochrane review did not identify any published RCTs on artificial discs.
A comparison of different techniques of spinal fusion The Cochrane review included 14 trials on instrumentation in fusion. Studies were heterogeneous in terms of study populations and techniques of instrumentation. Studies also varied in the outcome measures used, with the most common being the technical surgical outcomes-fusion rates, progression of spondylolisthesis and re-operation rates.
Eight trials directly addressed the question of whether instrumentation improves the outcome of posterolateral fusion, with an average 95% of patient follow-up at 16 months to 4.5 years [9, 28, 29, 32, 65-67, 88, 99] . The pooled effect of eight trials (N=638) showed that instrumentation improves the fusion rate (random OR 0.43; 95% CI 0.21-0.91), but instrumentation does not produce statistically or clinically significant improvement in the clinical outcomes (random OR 0.64; 95% CI 0.35-1.17).
Four trials compared various combinations of anterior, posterior or combined fusion [17, 51, 80, 81] . One trial found no difference in the clinical outcomes between anterior lumbar interbody fusion (ALIF) plus pedicle screws plus instrumented posterolateral fusion (360°) vs ALIF plus pedicle screws without graft (270°) [81] . Another trial found no difference in the outcomes with the addition of a posterior lumbar interbody fusion in degenerative spondylolisthesis (Grade I/II) to a posterolateral instrumented fusion for patients over 60 years of age, but significantly longer surgery time, higher blood loss and complication rate in this group [51] . The third trial found that circumferential fusion using ALIF carbon fibre cages produced a higher fusion rate (90 vs 80%) and lower re-operation rate (7 vs 22%) than posterolateral fusion with Cotrel-Dubousset instrumentation [17] . The last trial found a greater fusion rate using a cylindrical threaded titanium cage inserted anteriorly compared with the trial using a femoral ring allograft, but there were no differences on disability and neurologic outcome. These conflicting results do not permit any conclusions about the relative effectiveness of anterior, posterior or circumferential fusion.
The Cochrane review also identified four trials that assessed whether electrical stimulation could enhance the fusion. Three trials in non-instrumented fusion showed a significant effect on the fusion rate (random OR 0.38; 95% CI 0.22-0.64). Two out of three trials in instrumented fusion showed positive results though the S86 third trial had negative results (random OR 0.59; 95% CI 0.15-2.30). Three studies did not find a difference in the clinical outcomes [39, 47, 68] . Interpretation of these results is hampered by the heterogeneity in the fusion technique.
Surgery and other invasive treatments for disc prolapse
The primary rationale of any form of surgery for disc prolapse is to relieve the nerve-root irritation or compression due to herniated disc material. Open discectomy, performed with (micro-), or without use of an operating microscope, is the most common procedure, but there are some other less-invasive surgical techniques. Chemonucleolysis (dissolution of the nucleus by enzyme injection) using chymopapain was at one stage advocated for contained lumbar disc prolapse, i.e. without fragment sequestration into the spinal canal.
Effectiveness for acute and chronic sciatica
The Cochrane review did not clearly distinguish between acute and chronic sciatica, because it was not possible to analyse the patients according to the duration of their symptoms. Chemonucleolysis vs other interventions The Cochrane review included five trials that compared chemonucleolysis using chymopapain vs surgical discectomy [19, 24, 56, 69, 91] . The results showed consistently poorer results with chemonucleolysis, but this was not statistically significant. About 30% of patients with chemonucleolysis had further disc surgery within 2 years, and metaanalysis showed that a second procedure was much more likely after chemonucleolysis (OR 0.07; 95% CI 0.02-0.18).
Chemonucleolysis vs placebo
No statistically significant differences were demonstrated between low-dose and standard-dose chymopapain [4] , between chymopapain and collagenase [43] or between chymopapain and steroid injections [5, 6] . It should be noted that although one trial suggested that collagenase was more effective than placebo, that was a small study and there was a 40% code break by 8 weeks [10] .
Surgical discectomy vs conservative treatment There was only one trial that compared the surgical treatment of lumbar disc prolapse with conservative treatment [96] . The trial was not blinded and there was considerable crossover. Both the patient-and observer-ratings showed that discectomy was significantly better than 'conservative therapy' at 1 year, but there were no significant differences in the outcomes at 4 and 10 years.
Microdiscectomy vs standard discectomy Three trials, with data from 219 patients, compared microdiscectomy with standard discectomy [44, 55, 89] . Use of the microscope lengthened the operative procedure, but did not appear to make any significant difference due to peri-operative bleeding or other complications, length of in-patient stay or the formation of the scar tissue. There were no differences in the clinical outcomes and duration of sick leave.
Automated percutaneous discectomy vs other procedures Two trials compared the automated percutaneous discectomy with microdiscectomy. These trials were not directly comparable, as one used a modified forceps and an automated cutter with suction [64] and the other used an automated suction nucleotome alone [16] . One trial (N=40) showed that the clinical outcomes were comparable to microdiscectomy, but considered that only 10-15% of the patients needing surgical treatment might be suitable for automated percutaneous discectomy [64] . The other trial (N=71) reported only 29% satisfactory results for automated percutaneous discectomy compared with 80% for microdiscectomy [16] . One other trial (N=141) found automated percutaneous discectomy to be inferior to chemonucleolysis on patient rating of improvement and second procedures after 6 months [75] .
Discussion
The evidence on the effectiveness of the injection therapy showed that there is insufficient evidence on the effectiveness of injection therapy. Facet joint, epidural and trigger point injections have not clearly been shown to be effective, nor is there strong evidence that these injections are ineffective. Because of the lack of statistically significant results as well as the lack of welldesigned trials, a solid foundation for the effectiveness of injection therapy is lacking.
There is conflicting evidence for the effectiveness of radiofrequency denervation for lumbar facet joint pain. There is limited evidence suggesting that intradiscal radiofrequency denervation may not be effective in relieving the discogenic low back pain. Further, high-quality RCTs are needed, with larger patient samples and data on long-term effects, for which the current evidence is inconclusive.
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Surgical discectomy provides effective clinical relief for carefully selected patients with sciatica due to lumbar disc prolapses that fail to resolve with conservative management. There is no evidence supporting the choice of micro-or standard discectomy based on more favourable clinical outcomes. Strong evidence exists that although better than placebo, the overall results of chemonucleolysis are poorer than those of primary discectomy.
There is insufficient evidence on the effectiveness of surgery for degenerative lumbar spondylosis on clinical outcomes to draw any firm conclusions. Three trials comparing fusion surgery with conservative treatment for chronic low back pain showed conflicting findings [11, 26, 32, 49] . The trials all used physiotherapy as a control, but in the Swedish Lumbar Spine Study, the patients were treated with different kinds of physical therapy that were similar to the treatment, the patients already received, without any success and before a decision on the operative treatment was made [32] . The conservative treatment arm may thus have been close to the natural history of the disease. This may explain why the Swedish trial found a difference in the effect in favour of surgery. The other two trials that found no or only small differences between surgery and conservative treatment used an active rehabilitation programme with the current standards of care as a control intervention. These studies reported 1-2 year follow-up results. Longer follow-up is needed to give insight into the long-term effectiveness. As there are only three trials with conflicting results on the effectiveness, there is clearly a need for further randomised studies.
For this overview on effectiveness of surgery and other invasive procedures for low back pain, evidence was used from the latest issue of the Cochrane Library, issue 2, 2005. Only one of the relevant Cochrane reviews had been updated: surgery for degenerative lumbar spondylosis [37] . The other Cochrane reviews had search dates ranging from 1996 to January 2004. Consequently, these reviews did not include the most recent trials. The mission of the Cochrane Collaboration is to provide upto-date information on the effectiveness of medical interventions for decision makers at all levels. The Cochrane Back Review Group aims to regularly update the reviews. The Cochrane Library is the single most authoritative source of this kind of information. Thus, it is worrisome that some of the Cochrane reviews may be out-of-date and lack relevant scientific evidence. To provide an up-to-date summary of the evidence, the recently updated evidence summary of the COST B13 European Guidelines for the Management of Acute and Chronic Low Back Pain was used for identification of additional trials that were not included in the Cochrane reviews.
Implications for further research
There is a dire need for updating the Cochrane reviews on invasive treatments for low back pain. High-quality surgical trials are still needed to provide further evidence on the clinical efficacy and cost-effectiveness of surgical decompression and/or fusion for specific syndromes associated with degenerative lumbar spondylosis. These trials should preferably compare surgical treatments with natural history, placebo or conservative treatment.
Future trials should also conduct an economic evaluation alongside, because there are major gaps in our knowledge of the costs and cost-effectiveness of all forms of surgical treatment for lumbar degenerative spondylosis and disc prolapse. Due to limited heath care budgets, economic evaluations are becoming increasingly important. In economic evaluations both costs and effects of the intervention and relevant alternatives are taken into account. Not only patients, health-care providers and insurance companies may benefit from economic evaluations. Especially, policymakers can use economic evaluations in the decisionmaking process.
Economic evaluations answer the question if an intervention is worth doing compared with other interventions. They do not necessarily answer the question what the cheapest intervention is. If an intervention is more effective than another intervention but associated with higher costs, the intervention may still be used by health-care providers and patients and may still be reimbursed by insurers. This seems especially relevant to surgical interventions, because they are usually associated with higher costs compared with conservative treatments.
Implications for clinical practice
Facet joint, epidural, trigger point and sclerosant injections have not clearly been shown to be effective and can consequently not be recommended.
Surgical discectomy may be considered for selected patients with sciatica due to lumbar disc prolapses that fail to resolve with conservative management.
The three trials show conflicting results on the effectiveness of surgery for chronic low back pain: one trial is effective when compared to ordinary physiotherapy and two trials are not superior to the intensive conservative treatment. Thus, a combination of cognitive intervention and exercises is recommended, when available.
Fusion surgery for chronic low back pain may be considered only in carefully selected patients with severe pain after the active rehabilitation programmes during the two-year time have failed. Cognitive intervention S88 combined with exercises is recommended when available. Demanding surgical techniques are not better than the traditional posterolateral fusion without internal fixation.
There is no scientific evidence on the effectiveness of spinal stenosis surgery. In the case of severe spinal stenosis with progressive neurologic deficits and severe neurogenic claudication, clinical experience clearly indicates surgery.
There are still only preliminary results available on disc replacement and artificial discs, preventing any conclusions. 
